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The influence of vegetation restoration on soil archaeal communities in Fuyun

earthquake fault zone of Xinjiang

LIN Qing'?, ZENG Jun' ,ZHANG Tao' ,MA Jing'> , WANG Zhong', LOU Kai' "
1 Institute of Microbiology, Xinjiang Academy of Agriculture Science, Urumgi 830091, China

2 College of Life Science and Technology, Xinjiang University, Urumqi 830046, China

Abstract. Strong earthquake could cause a variety of secondary geological disasters, and severely damage ecological
environment. After earthquake, the vulnerable and sensitive ecosystems are going through a series of vegetation restoration
and soil succession. Of this, vegetation recovery was regarded as the core of reconstruction of ecological restoration.
However, the current research mainly focused on the investigation, recovery and reconstruction of the ecosystem damage
from a macro perspective. Research in regard to the relationship between vegetation and soil microbial was rarely reported.
Fuyun earthquake fault zone is located in Fuyun county of Altay in Xinjiang, which was caused by a serious earthquake of 8
scales on August 11, 1931 and formed a 176 km long rift. It was one of the rare earthquake fault zones in the world. The
aim of this study therefore was to investigate the effect of secondary plants on soil archaeal communities in the secondary
barren of Fuyun seismic fault zone in Xinjiang. In a 300X30m range ( collapse region was long and narrow) , 8 different
plants were selected as dominant plant species after investigation. They were Salix vistita, Salix rectijulis, Eremopyrum
orientale , Seriphidium nitrosum, Geranium sibiricum, Spiraea media, Galium verum and Rosa spinosissima. The rhizosphere
soils collected from the 8 different plants were studied by testing soil chemical properties ( mainly include soil organic
matter, pH, total nitrogen, available nitrogen, available phosphorus and available potassium) and soil archaeal community

structures were surveyed by employing Terminal restriction fragment length polymorphism ( T-RFLP). Unplanted soil in the
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same depth served as control. The results showed that the soil in study site was alkaline ( pH=8.28—8.51). The soil
nutrient contents in Eremopyrum orientale’s rhizosphere were generally higher compared with other plant. There were great
differences in soil nutrient content among samples, but the overall trend was the nutrients in most plants’ rhizosphere soil
was significantly (P<0.05) higher than control. Archaeal 16S rDNA fragments could be amplified only in the rhizosphere
soils. The diversity indices (include richness, Shannon-Weiner index, Simpson index and evenness) were vary with
different enzymes digestion. The similarities of archaeal communities calculated by the Sorensen formula were low among
different rhizosphere soils and most numerous were in Geranium sibiricum's rhizosphere with 18 species and minimum were
in Seriphidium nitrosum with 2 species. Crenarchaeota and Euryarchaeota were the main possible archaeal groups identified
by MiCA ( Microbial Community Analysis) online analysis. Canonical correspondence analysis ( CCA) showed that soil
organic matter, available phosphorus, total nitrogen and pH can significantly affect the archaeal communities. Especially
soil organic matter had the greatest impact on the distribution of dominant archaeal groups (Hha I digestion; r=0.94;
Rsa I digestion: r=0.74). Correlation analysis showed that soil available phosphorus content was positively correlated with
all diversity indices of archaeal communities ( P<0.05) , and total nitrogen content showed a significant positive correlation
(P<0.05) to the evenness index in Hha I digestion. These results indicated that recovery of vegetation not only could affect
archaeal communities’ composition, structure and distribution in earthquake fault zone of Xinjiang, but also could improve

the soil fertility and possible reasons were related to rhizosphere’s chemical properties.

Key Words: seismic fault zone; rhizosphere microorganisms; terminal restriction fragment length polymorphism

HbFE 51 A 25 Pl R A T 0 3 B WA I, IS R IR | A W P AR R R A U R X A
BRGNS HUR, T ERIN S AR SIS 1931 458 H 11 B, R4 T4 & 2 B85 N0 8. 0
KM TG T — 5K 3E 176 km A IR MR W4 P dBR 1 IR A R 3R 2 39 TR I K i B
AR, G B4 BEE MY R AR R IX A A AR R, R A S MK B R R
ES RGN E B, BN BT 2T A RS REIRE TR

HERMESRGEWIRY] Y-S LIERUEY OGRS U] AW R 2 RS 250 SO [R]85 [ B i
BRI W o3 A G B R A ARSI A i S A R 3R 3 3% 0 08 R A A 5
W R AREES S AT R S U W B A OG, EA AE R AR S R G AR A e, AR A
SRR JG A ASRE 24 T AR KA A 552 W R G 2 B TR A SO SOOI 3 B A A P A AR A
il BEE TR 0 R R oA S TS MR B (% Bl i PR A JRR BV E A RS AR IR
U EREE ) H oty B 5 1 LB R Ak, R be e R, BRI S X A ek BV SRR ZAR T . it
AR SCR) FH A v R il 2 B B A B 2225 ( Terminal restriction fragment length polymorphism, T-RFLP) £ A | X #r i
T 2 U DB T U A A AR B - SR RO TR R T 20 AT, IR ST R SR A K IR SR E M A OC AR SRR
Z%,

1 #EE5FZE
1.1 S o S R AR

2 R R A i AU X (X — XL ) L TR A R — 7 e A B i LR, b 7 Wy LR 22 4, 1L
PR Ak A, LA R T R 3, 7 LU AR S 1500 m, ZKSF-B5E 350 m, Vi 35 1A fe K 3K 63 m (B G
DU SO o I SRR XN TR R R0 2 RBUR 2 TR S R A #i e, RS 24 oA
A FEAREY) T XA B TR0 B T LT 5KV 3 B, R AR, Fbe s FE g HL2%F 22 0 A, oK
T ARATS Ryt | SCPR AR LU X AGER = 22 A ) (] 5 R A PR B AR TE T8

2009 4F 8 H (FI¥IEKIEZ) FEIRIG X (JL4 46°44/25" 7K 28 89°54'15" EHK 1901 m) HEATRAE, ZHEH)
PR BRI 13 M AR S AR A I BRI R AE AR B, 7E 300 mx30 m (7 35 I 2 B KB ) T2 E4E
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Fil EECEEAS FEARMC AR 45 4 Fh, R 5 5222 5L ( Eremopyrum orientale)) , P9 AL 2878 ( Seriphidium nitrosum) , , &,
E W ( Geranium sibiricum ) , T 3% ( Galium verum) ( FEA) | BEEMI ( Salix vistita) , HLAEMI ( Salix rectijulis ) KX
V55285 ( Spiraea media) , % 3% 8% ( Rosa spinosissima) (HEAR) o R HARPr -3¢ | [+ L 00 i, W 5 3075,
TCHEME TR R R ERIZE 1 em TG 76 0—20 cm IRE RN N 5 om WY HEBRERS  IAEPIAR 220
S EEIBURFE 2.5 om YEFEI PN 38, AERRAE B L R 3 2 SR AT IR PR 3 ek A K AR 2
T4 BENLORE 3 YIRS X IR, FR A e AT H 348 A 4280k Af 4 CIRAfiz In S %, F 4
BRib A BRI RAR IR 5T, 3k 2 mm 0, 20 A, — 10y FH T H 3L R 20 DNA, — 153 [ AR XU il 4 43¢
fb2E
1.2 B3Efba e o

e AL TR S T AR UE ( DB65/T602) M 5E . pH E R FH 1:5 47K B H A I 5E 155 A7 L
B SR FH T 4% R SR A I 5 4 ROR FH L EC T I 2 5 R0 R0 R FH R e - S 0 5 3l SR FH T L M 12 42 -
BRBRPL LU 000 R 5 A3 08I s SR R B R IR - OO I . A EREEE R 3 1K
1.3 B4 DNA $#HL

FRELS5.0 g TR, Wb PR SR FH bead beating-SDS 4545 B H - 1E.44 DNA, FH 0. 8% HIAIK
I75 1S BN W E I FL VK K OMEGA E. Z. N. A. TM Gel Extraction Kit [AlUic4iifk,, % DNA ¥4 T TE iR IF T
-20 CHEfT .
1.4 THENTH PCR Y4

P 16SrDNA 38 FH5 4 (21F :5'-TTCCGGTTGATCCYGCCGGA-3', 5" % il TET %2 ¢hRiC HY 958R . 5'-
YCCGGCGTTGAVTCCAATT-3',) #4759 14, PCR ¥4 ) i f& 3 . premix 15 pL, 10 wmol/L 5|#)4% 0. 15 pL,
DNA 57 0.5 pL( £ 10 ng),0.1% BSA 7.5 pL,25 mmol/L MgCl, 1 wL, JHJCHE ddH,0 %2 30 wL ARFH,
PCR £1% ] Touchdown #"44 .95 °C 2% 4 min,94 °C 75 30 5,59 °C % 54 “CiB K 40 5,72 CHEM 90 s, %F
UAEFRRFAK 0.5 °C, 10 IRAEHF,94 CAEM: 30 5,54 CiB k40 5,72 CHEf190 5,25 IKAEH,72 °C LE{H 7 min,
AKEG 3 NS . 1% BUISHIE WG, R PCR HARAS Bl e i 22 , IR [R] 45 B AR Y PCR
FEYIIEAT BRI A , 2% Zhang!'Y S AR K 3 N EE PCR PEHIA I, FH EIIGR7) & OMEGA E. Z. N. A.
TM Gel Extraction Kit #lifk .
1.5 T-RFLP /M7

F 2Ly PCR P03 55 2 1y (4% 13.2 pL) 435 6 U BREIVENVINE Hha 1 \Rsa 1 #E47HEY],37 °C [ 3
h,65 CIKIA 20 min ZE 1R o 2. 5% S M LDk R I, KB VI 3k 2 I SRR AE R ARG IR F] TR
YRS HL Pk FEHE H DNA H 30074 (ABI 3730 DNA Analyzer ) fill
1.6 kb

JPEHUR BEK EEAE 30—700 bp Y T-RFs ( Terminal Restriction Fragments) , JIZAZ, Ap=ni - N™'x100 1541
XTUETHT AR, Ay ok B FL DK MR 75 X 5 43 B 1) T, AR SO R T B R A VTR 0. 5% MY EAE A 88U5 5, T
FBER/IMHZE+0.5 bp (1 T-RFs UCHSEAHE Y, 430 B Fp =B S, BRI Hh 2 38 06 1Y) R B, 2R PR 4
Shannon-Weiner $§%{ H , Simpson $8 %% D , W04 & EM AR,

H=- ZPL'XIHP;, (1)
D=1-Yp! (2)
E=H/H,, (3)

A, P, R AW SR B EL ), H,,, = 1nS
HRHE Sorensen 2> F 1T B BEYE 8] A9 AR RIS,
ISs =2¢/(a +b) (4)
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%, e SRR TP PR @ F1 b 43 5IARFR o RESRFD b AR S TR AR

A IR T 3% S AR T-RFs A5 S fiF 7% b i D0 35D, AT 1 v o3 22 53¢ 20, 4 MiCA
( Microbial Community Analysis) P34 ( http://mica. ibest. uidaho. edu/) 7E£& RDP (4% i W i 47 T-RFs 9145
Y€, T CANNOCO FRAF#EAT HLIEXT RN 73 M (CCA) 70T, KL ZE 2 2R AR A0S e~ P 2 JUi
X% (pH {EFRSL) |, JH SPSS16. 0 SEATAHISC T
2 HBR55M
2.1 IRBE DA YR PR T R R A e o

Tr 220 MR A FE AR AR MR 22 5 0 3 (3R 1) MR P - 857 7 I pH {H (pH =8.29—8.51)
Zim TR, K07 A R A TR b L, PR AR PR A AL R U R S R
RO S AR

x1 FEEWIRRTELFER
Table 1 Chemical properties of the rhizospheric soils in different plants

B AL &N HACN AL P ALK
Sample pH SOM Total N Available N Available P Available K
/(g/kg) /(g/kg) /(mg/kg) /(mg/kg) /(mg/kg)
0 8.28+0.01 g 18.13+0.18 g 0.97+0.02 e 130.10+2.00 d 16.77+0.31 113.67+1.16 e
1 8.31+0.01 f 18.34+0.15 1.10£0.03 ¢ 177.07+1.79 a 21.90+0.40 d 192.33+0.58 ¢
2 8.43+0.01 ¢ 19.09+0.11 e 1.02+0.04 de 155.37+1.59 b 20.57+0.86 e 193.33+0.58 ¢
3 8.39+0.01 e 26.39+0.06 a 1.59+40.03 a 155.00+1.25 b 31.10+0.36 a 214.67+0.58 b
4 8.44+0.01 ¢ 21.30+0.03 b 1.17+0.02 b 144.07+1.37 ¢ 15.97+0.35 g 193.00+0.00 ¢
5 8.49+0.01 b 16.32+0.18 i 1.02+0.05 de 121.33+1.68 e 25.13+0.42 b 192.67+0.58 ¢
6 8.51+0.01 a 17.10+0.07 h 1.09+0.04 ¢ 123.10£1.66 e 20.07+0.31 e 193.67+1.16 ¢
7 8.41+0.01 d 19.77+0.12 ¢ 0.65+0.03 113.60+2.35 20.40+0.40 e 256.00£1.00 a
8 8.29+0.01 g 19.43+0.05 d 1.03+0.03 d 131.93+1.94 d 23.37+0.35 ¢ 131.00+0.00 d

0: X% B8 control ;1 458001 Salix vistita ;2 . LMD Salix rectijulis ;3 : R )7 522 B Eremopyrum orientale ;4 . ViIL2H 7 Seriphidium nitrosum ;5 ; 5%
8L Geranium sibiricum ;6 : BRW.Z548 25 Spiraca media ;7 .3 T3¢ Galium verum ;8 . %5 §il % 8% Rosa spinosissima

2.2 IBEAIX EHEN T 16S tDNA §734 M 0 1 2

LLalifb )5 19 DNA A, PCR §7 385 5 16S rDNA
FEDR, BN W I FE Dk A 0, A A A AR B B 1
29900 bp HEY A B (B 1), % B BER Y 3G 1 H Y
i,
2.3 HIFAKARPR 3 TRV Y T-RFLP 347
2.3.1 MR R 2R

H Rsa 1  Hha 1 533 E§Y] PCR 7= ¥ B 45 I AR5
E—F(£2), VL Rsa 1 BV, WKW S5 26 255 F1% 35 5k
MR PRl T8 3 B R e M i i, B 8 B B R R I 55 26 48
B RN &) FE#5 v 5 L Hha 1 BBV, 2505 S22 B
BRI TR AR B & . WRNERD & 13l
WFEE MR AR, BIEEE, Ra | BEIFRIKZ
i T-RFs,
2.3.2  ARBR SR AR A AR UM

ANTRIRE AR B A B[R] oty TR I AL LA AR 22 7
(#3), LA Rsa | F§DI,8 Pt Py AR Pr 438 oy TR % 4

34 5 6 7 8 CK

900bp

Bl 1 7 16S rDNA F B F ik E
Fig.1 The fragments of archaeal 16S rDNA
M : Marker ; CK ; B 14: X} B ( negative control)
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33 %

ARG, 7E 0. 04—0. 33 2Z[8]; UL Hha 1 BED] 2 50055 2 oFN B322G5 | Y28 T8 AR s 338 oy T e 7 A 40X
PEE T, 23313k 0. 67 F110. 62 , He B A S TR] AR R 315 3k 541K

R2 TREMREHEESNSHEEEY

Table 2 Diversity indices of archaeal communities in different rhizosphere soils

KES Rsa 1 Hha 1
Sample s H D E s H D E
1 25 2.74 0.88 0.85 18 1.42 0.53 0.49
2 27 2.72 0.90 0.83 16 1.33 0.53 0.48
3 27 2.77 0.91 0.84 30 2.67 0.86 0.78
4 24 1.82 0.70 0.57 21 1.57 0.58 0.52
5 22 2.98 0.94 0.96 30 2.42 0.80 0.71
6 51 3.55 0.96 0.90 19 1.73 0.64 0.59
7 21 1.83 0.69 0.60 16 1.22 0.49 0.44
8 35 2.88 0.89 0.81 25 1.92 0.69 0.60
®3 AEEYREHEBEEZOECE
Table 3 Similarity of archaeal communities in different rhizosphere soils
F i Sample 1 2 3 4 5 6 7
Rsa 1 2 0.12

3 0.04 0.19

4 0.04 0.12 0.08

5 0.13 0.17 0.04 0.14

6 0.16 0.13 0.11 0.19 0.11

7 0.11 0.22 0.11 0.12 0.00 0.18

8 0.13 0.13 0.10 0.10 0.33 0.14 0.32

Hha | 2 0.24

3 0.21 0.26

4 0.11 0.06 0.08

5 0.17 0.09 0.14 0.57

6 0.11 0.35 0.29 0.05 0.13

7 0.12 0.13 0.13 0.11 0.09 0.06

8 0.19 0.15 0.18 0.62 0.67 0.09 0.20

2.3.3 RPN R RIS

Z% Zhang ' % N5, R AR T-RFs $UH 21 Rsa 1 BEVIZE R KA XHIG T AUK T 3% A9 T-RFs 1
FARFEIERE . 8 PR B 3 T LSRR 22 S BOR (181 2) |, I BB R 225K 18 i, ELREMINK g 9 i,
PYIbZe e /0o 2 F, 81 bp B T-RF (AT AESZ SRt ] (crenarchaeota) ) 78 8 FAE YA PR L3 P 3L, B 5 1
4G 22 57, TE SR Prf i o5 45.22% , R Z B ROAR PR /N, 24 10.38% 383 bp 1Y T-RF (AT REJE) i A ]
( Euryarchaeota ) FE:FT 5 J& ( Halobacterium ) 5%, Thaumarchaeota B4 15 1 J& ( Cenarchaeum) ) fF1E T 5 FAH IR
brt- s b 3 TSRARBRET 5 LI, M 68. 63% , HoAs i BElY T-RFs £ ML Sei ¥y i s

TE MiCA Kda 28 HXt 2 BhigUIR T-RFs , 8 H T REACR AR, 4 2R 252 80K, UL Hha 1 BBUI (1 3) ,
EE BRI R 11 (45.45% ) M BTT(27.27% ) 5 A Rsa T EEYI (& 3) , RICHELAY T-RFs BIF (5 L 61
BR(T1.11% ), HUON SR (15.56% ) I BTT(8.89% ) BAH BT (2.22% ) o
2.3.4 MRBRHEOCHASERE S AR B S R A

¥ Hha 1 BEYIR) T-RFs 5 HIEALSPE BT T CCA 4007, i4I kB K J , R W A LT | Al ik

eSS FA ISR A 5
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100 o = = ‘§ ﬁ £l 14bp £ 22bp B 30bp
90 - HI— 34 B3dbp @ 46bp 47bp
S =T-1 aa
< gol B B = [ 49bp  54bp [ 80bp
5 i = = O81bp O 82bp 83bp
8 70 peer ]
£ o T 106bp £ 109bp & 110bp
2 gt -
o 60r [ ket
s i o B 111bp m 112bp & 114bp
2 =
g sor [ i) R i &1139bp ® 146bp Q@ 153bp
Q o e | e
E‘J 40+ [ o kY o 5 158bp 0 165bp &4 240bp
= i i) B e &
& A B s - R @243bp  B320bp  E324bp
P I S e ]
7 ] ey 8327bp B 360bp @ 430bp
m 20 .- e 1 R
= = 043%p  @443bp B 480bp
0 ks % 0491bp  E495bp [ 502bp
0 e L L : ! 85 503bp & 506bp & 509bp
1 2 3 4 6 7 8
RAAEH) Secondary plant
H2 SEESENRBRBAR
Fig.2 Composition of dominant group of archaeal communities
Hha 1 B§YIH 5 0 Rsa 1 BEYIH B 208
oo —~, faien
S
ko
e - N A CONCHICHICRICIECIICEICIICI
e T T O PRI
G PR
Ry S
I N CO Cr
R L LR CRLEL LR \ T RN
e a e B N T T T T T Y R CONCRNCNCI ke
iy \ ddion S
iy ~ PSR LR,
i ey ’ Lo T
T CRECE e S | ORI N -

1 AR O RAEHIT @ AR
O REEIT B3 W ET O RPCR
Bl EIT M 94T

B3 BT MiCA ETMRNHEERH
Fig.3 Possible archaeal groups searched from MiCA

0.01),0.76(P<0.05) , TEHRHE & 8w 1) T 434 4 48 bp M 112 bp 55 TRFs, 5 AKAL 4 233 bp 587
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Table 4 The correlation coefficients of archaeal diversity indices and soil chemical properties

Wi H Elp (I Simpson 8 B " L S ¢ S 2
Items S " D E SOM Total N Available N Available P
Shannon-Weiner 154 H 0.97*"

Simpson $§%¢ D 0.96** 0.99 **

W E 0.94** 0.99** 0.99**

pH 0.02 0.11 0.14 0.15

HHLFT SOM 0.32 0.38 0.35 0.38 -0.25

2% Total N 0.59 0.69 0.67 0.71" -0.05 0.67

LA Available N -0.10 -0.07 -0.11 -0.06 -0.48 0.33 0.54

AW Available P 0.74" 0.81°" 0.80" 0.82" -0.20 0.48 0.58 0.14

HRA Available K -0.28 -0.20 -0.24 -0.18 0.39 0.22 -0.20 -0.17 0.00

# ok RN B ERKTR0.01 CBUBK) , + . FORAHICEE /KR 0. 05 (BUBH)
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3.1 T-RFLP AR F5¥E5Hr
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